A kinetic equation derivation of the stochastic cooling Fokker-Planck equation is discussed. The notion of correlation is introduced to describe both the Schottky spectrum and signal suppression. Generalizations to nonlinear gain and coupling between degrees of freedom are presented. Analysi s of bunch beam cooling is included.
Introducti on
From its conception by S. van der Meer, little more than a decade ago, the stochastic cooling technique has matured into a powerful tool which has given elementary particle physics the highest available center of mass energies in storage rings. During this brief period, stochastic cooling has been the subject of much experimental and theoretical work, which is too extensive to be chronicled here.
The reader is directed to several review papers1-3 for a thorough account of its development.
The theoretical analysis of stochastic cooling can be approached from a variety of perspectives with a fundamental dichotomy between the frequency domain (spectrum, bandwidth, filters) and the time domain (Fokker-Planck equations). At the heart of the matter is the existence of two distinct time scales: One corresponds to the single particle cooling rate with characteristic times of the order of seconds. The other is that of coherent effects -signal suppression and instabilities -with times typically of the order of milliseconds. This "two-timing" of the physics is basic to an understanding of stochastic cooling and is implicit in most of the literature on the subject.
Another concept which is of importance is that of correlation. It first manifests itself in the frequency variation of the Schottky power spectrum of a particle beam -this being just the frequency domain statement of signal correlation in the time domain. A further effect of correlation is the Schottky signal suppression or shielding of random particle fields observed when a stochastic cooling feedback system is turned on.
In this note a kinetic equation formulation of stochastic cooling is used to clarify the interrelations among the various issues which have been highlighted. Recent developments which address coupling between degrees of freedom, gain nonlinearities, and the cooling of bunched beams will be reviewed. Signal suppression and enhancement from feedback systems and general machine impedances will also be discussed.
Single Particle Interaction
Stochastic cooling is the damping of betatron oscillations and momentum spread of a particle beam by a feedback system. In its simplest form, a pickup electrode detects the transverse positions or momenta 
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A few comments are now in order. The e factor is described by the same The localized interaction F for a feedback system is of the form F(e,t) = -2rr s(e-Gk)N fdx' w' G(x',t-t') f(x',Gp,t) where ep and ek are the pickup and kicker azimuth, respectively. Note the 6-function character of the kick, and that only the value of f at the pickup produces signal. The associate £ is found to be of the form c(mw) = 1 + E Idx' N G(x',m.) ax ('f) e where G is the Fourier transform of G. The coupl ing of the overlapping bands is now manifest. The sum can be expressed in closed form and is causal and localized spatially. Because of this locality, e exhibits large gain instabilities corresponding to feedback overdamping, which would disappear in a smooth approximation. In addition, if there is signal suppression within a Schottky band, e (Q) requires signal enhancement outside the band.
